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In the early part of 1945 as the Allied armies advanced, German labora- 
tories and plants became available for investigation. Since "German develep- 


ment work had been hidden from the eyes of the world by the Reich's national 
policy of secrecy, and by 5g years of war, it was obvious that much might be 
learned from such investigation. In particular, this was true in the syn- 
thetic-fuel industries deriving oil, gasoline, and a wide variety of chemicals 
from coal, for owing to-the scarcity of domestic petroleum, Germany had been 
forced into intense development of this field in contrast to tthe limited 
amount of similar development by the United States and Great Britain.’ Before 
the fighting ended in Europe, the United States and.Great Britain organized 
teams comprised of experts in all fields to investigate the research and: in- 
dustrial operations in Germany. The teams investigating coal, oil, gasifica- 
tion, and allied chemical fields included more than 30 Anesicad ivesticators 
and about an equivalent number of British investigators during 1945, and func- 
tioned with a reduced staff into 1946. German work inthe synthetic-liquid- 
fuels industries and allied fields was on such a large scale that even such 
extensive investigation could not possibly cover the subject in all detail. 
However, @ great deal of information possible of direct application, and much 
information of a fundamental nature to help guide research work in this country 
for many years was uncovered. Studies of the German industry are continuing, 
and it is hoped that such gaps in the information as now exist will be filled 
in by future work. 


The primary fields that were covered in the oil and synthetic-fuels in- 
vestigation were concerned with petroleum refining, and the gas-syntheses and 
coal=hydrogenation processes for producing oil from coal. The related fields 
of coal gasification, oxygen production, alcohol manufacture, lubricating oil 
production, end the production of waxes and edible fats, as well as a variety 
of other chemicals, were an inherent part of the investigation. 


This report is one of a series which resulted from the investigations in 
Germany and other parts of Europe by the Technical 0il Mission, operating 
under the auspices of the Ministry of Fuel and Power for Great Britain and the 
Petroleum Administration for War and the Bureau of Mines for the United States. 
It is being published in accordance with the policy of the United States Govern-_. 
ment to make available to the interested public the results of the investiga- 
tions of enemy research and industrial development. 


We C. Schroeder, Chief, 

Office of Synthetic Liquid Fuels, 
Bureau of Mines, 

Washington, De Ce 
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INTRODUCTION 


This report deals with the Schnalfeldt gasification plant for making 
synthesis gas, the Fischer-Tropsch plant, the hydrogenation plant aiid the 
catalyst factory, and includes a report on lubricating oil. 


THE SCHMALFELD? GASIFICATION PLANT 


The information was obtained on May 9 and 11, 1945, from Dr. Schnee- 
berger (director), Dr. Schneider (director and power plant maneger), Herr 
Dassau (manager of gas plant) and Herr Schultz (manager of Fischer-Tropsch 
plant). The plant was siut down as the result of very heavy air raid 
damage to other parts of the works. | 


The process consists of the gasificaticn of brown coal in the entrained 
State. The designer, Dr. H. Schmalfeldt, lived at Lutzkendorf from the 
start-up in 19358 until 1940, and is now believed to be living in the Kassel 
area, Before this plant was built there had been an experimental unit at 
Ruhlen, but so far’as is known, there is no other large-scale installation. 


The principles of the process are as follows. Brown coal was obtainal 
from an open mine in the neighbourhood. ‘Typical analyses were:- 


As Received : | Dry Basis 
Hp0 50-54% C 60% 
Ash 5 -6% © I 465 
Tar Ye5% ©) 13-20% 
Total S 2-2.5% | S 3% 
Volatile S 1-1.5% : No 1% 


Calorific Value 2300-2400 Ash 12% 
k.cals per kg. ; 


The tar content was rather low for brown coal, and so tne coal was 
not weil suited to the normal treatment (carbonization to produce tar for 
hydrogenation, with use of coke in Winkler generators and in boilers). 

The raw coal was elevated and crushed in hammer mills to below 20 m., 
c-opping into a raw ccal bunker, from whence it was fed by Redler screw 
conveyors through ster feeders into the side of the bottom of the gas 
drier. The contents of the bunker were kept under nitrogen pressure. Re- 
cycled synthesis gas: and steam at a temperature of 1,000°C. flowed upwards 
in the gas dricr (sce Fig. 2), and the sudden heating of the raw brown 
coal caused it to dry and decrepitate, the particles becoming entrained, 
The gas leaving the drier was passed through a classificr where large lumps 
of coal were removed, to be crushed and returned to the dricr. The gas 
next passed to a large cyclone scparator, ani was then divided into two 
streams, one of which constituted the synthesis gas mako whilo the other 
was recycled. On cach stream thore was a small cyclone followed by a 
washer. The é@ry coal dust scparated in the cyclones was used in the gasi- 
ficrs (gas gonerators) and in the producers. Tho recycled synthesis ges 
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was passed to a hot generator where it was heated to 1.3560" C..; and then 
passed through two gasifiers or generators in series, to complete the cy- 
cle by entering the drier. Dry coal dust was injected into the top of 
the first generator and was gasified. 


The heat of reaction was originally supplied by burning producer gas 
in one of two regenerators, used alternately, the heat being stored in 
chequer brick until given up to a mixture of recycled synthesis gas and 
steam. The gasification plant was intended to suyply synthesis gas for 
the Fischer-Tropsch plant (designed to produce 75,000 tonnes of crude oil 
per annum), but later a hydrogenation plant was added (designed to produce 
50,000 tonnes per annum} and the gas requirement was increased. In order 
to make more gas, additional heat had been introduced by adding oxygen to 
the recycled gas. The original designed output per gasifier unit (consid- 
cring the two generators in serics as one gasifier unit) was 20,000 cubic 
meters per hour (measured at 09°C. and 760 mm.), but in fact the output.ob- 
tainable without the use of oxygen was only 15,000 cu.m. por hour. When 
using oxygen, the maximum output was 50,000 cu.m. per hour, although more 
usually 20-25,000 cu.em. per hour were made. | 


_ The producer gas was made by gasification of entrained dry coal dust, 
but there was no recycling of gas or use of oxygen. Air, stcam and dry 
coal dust were’ fed into a tower, and the sensible heat in the exit gascs 
was abstracted by wasto hcat boilers. The maximum output of a producer 
was 50-35,000 cu.m. por hour. : | 


The plant consisted of four gasifiocr units cach, as shown in Figure 2, 
and five producyrs, and usually one of cach was out of action for clcaning. 
The plant was very spacious considerirg its capacity, although it was made 
up of relatively simple picccs cf cquipment. The four gasifier units (2 
generators, 2 regenerators, dricr, with stocks and washers) occupied an 
area of about 100 m. x 30 m., the vessels being 20-24 m. high. The gas 
boasting house was outside this area, whilo the producers occupicd a scepa- 
rate site. Figures 1A and 1B show a rough layout and arrangement of a syn- 
thesis gas unit, while Figurc 2 is a diagrermmatic representation of tho 
flow. Figure 3 is a photograph of onc cond of the syithesis gas plant. 
Figuro 5 is a rough layout of a produccr gas. unit, and Figure 6 is a flow- 
shect for producer gas. The individual itcms of plant will now be con- 
sidered in turn. 


The gas dricr was a vertical brick-lincd chimney, 1.2 m. internal di- 
amcter and 22 m. total height. The crushed raw brown coal droppcd into tho 
dricr without any conveying gas, at a point 15 m. below the top-of the 
dricr, Two inlets were available, one working and one sparc; cach was 
stcam-heatced to provent sticking of the coal, but was brick-lincd near the 
-a@ricr itsclf. The fved pipe was at an angle of about 30° to the vertical. 
No special mixing of coal and ges was attompted; tho high turbulence of the 
gas, which had just passed through a bend of about 2.5 m. radius of curva- 
turc, together with the oxplosion of vach particle, was sufficient to give 
good mixing. Theo final temperature at the top of the dricr was 200-300°C, 
At full output, tho dry gas rato cntcring the drior is calculated to be 
about 90,000 cu.m. per hour, so that taking into account the stccam present, 
calculatcd as 91,500 cu.m. per hour, the average gas velocity in the dricr 
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One end of the synthesis gas plant. 
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Recycled synthesis gas, saturated with eee vapour. at 82°C, +, entered the. 
bottom of the regenerator and left it through the cupola at the top: at 
1,300°C. on its way to the first gencrator, The maximum brickwork temper- 
atte was 1,450°C, at the top; the average exit flue gas temperature was 
4eo°C, Double isolation valves were used gn cach flue gas and recycled 
gas line, with the portion between the valves automatically vented to at- 
mosphere when’ the valves were shut. The isolation valves on the air and 
producer gas were not scen, but may also have been double. Detaiis-were 
not obtained of the method of isolating the tap..of a regenerator while 
heating it on alternate cycles; it is possible that no -valves. were used, 
reliance being placed on pressure control to prevent more than a slicht 
flow of synthesis gas into the regencrators. At first there had been 
trouble with crosion at the top of the cupola, but this had becn’ cured by 
constructional changos aimed at making the lincar velocities of the gas in 
the cupola and off-take pipe more nearly: equal. ; 


The first generator was a brick-lined vessel, 5.5m. int. dia. by o4 
me high. The special dosign of the cupola, with its false. roof, is shown 
in Figure 4B, Dry coal dust, conveyed by synthesis gas at 2-1/2 atm, 
pressure, was fed down through a passage in the center of the cupola. The 
hot recycled gas.and steam mixture from the regoncrator was fed through 
ports in the false-roof, Oxygon, saturated at 62°C., was introduced from. 
ring mains through ports near the top and middle of the generator; near thc 
bottom steam as well as oxygon was admitted to avoid slagging. The tcmper- 
ature fell from 1,300°C. at the top to 1, 000°C, at the bottom. 


The oxygen was supplied by three Linde-Frankl units, two working and 
one spare, each producing 4,000 cuem/hr. | 

The second generator was a brick-lined vessel, 5.5 m, int. dia. by 24 
m.. high. On three units it was divided internally by a vertical wall, but 
on the fourth (and letest) unit it hed no such division wall. The division 
wall was shaped as shown in Figure 1A, the two portions having approximately 
the same arca of cross section. In tho unit with ne division wall the gas 
was prought down to the bottom of the drier by an external pipe. One third 
of the total oxygen used was added near the bottom inlet of the generator, 
while steam was added as required at various points,.the aim being to main- 
tain the temperature at 1, 000°C. It was stated that the division wall was 
not necessary; the unit without it worked just as well, It was further 
stated that the second generator was not nccded at all except for high out- 
puts, such as were obtained by the use of oxygen. os 


From tho aaa given, it is calculatcd that the gasification period 
(time of contact of coal in generators) was 4.5 seconds at 50,000 cu.m. 
per hour, and 6.0 seconds at 20,000 cuem. por hour. 

é ; 

Each unit had two washers, one for recycled gas (50-60,000 cu.m. per 
hour) and one for synthosis gas (25,000 cu.m. per hour), The washers were 
the same size and were fcd with water at the same rate, despite the dir 
ences in gas load. A typical arrangement is shown in Figure 4c. Each 
washer was about 6m, diam. by 22 m. total height. The washer was divided 
into two sections with scparate water circulation systoms, cach section be- 
ing packed with 6 trays of stacked 80 mm. spiral Raschig rings. About 750 
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cuem. Of water per hour were circulated through the bottom section to re- 
move the bulk of the dust. A purge was taken from this system to keep the’ 
concentration of solids at S0-100 g. per.liter. 750 cu.m. of water per 
hour were circulated through the ‘top section and through a water cooling 
tower. The high water rates were necessary to prevent choking the packing 
with dust; but at each six monthly shut-down the rings were removed and 
wasned, the work on 8 washers for the generator plant and 5 washers for 
the producers providing continuous employment for 14 day men. 


The gas pressure at the bottom of the regenerator wes 0.150 ats. KAUEC . 
Since the pressure at the point of entry of coal into the drier had to be 
kept very close to atmospheric, to prevent gas leaking back up the coal 
feed pipe, the driecr and washer had to be run at a pressure below atmos- 
pheric. The pressure at the top of the washers was - 0.020 ats. gauge. 


There were 5 producer units, each making at most 30,000 to 35,000 cu. 
m. Of producer gas per hour, although normally making less. Each unit con=- 
sisted of the producer followed by waste heat boilers, Multiklons, washtower 
and Theisen disintegrator. The producer was a brick-lined tower, 5m. int. 
diam. by 24 m. high, with an internal division wall, very similar to the 
second generator. Dry coal dust was blown intd tho bottom of tho tower — 
with steam and air, the mixture passing up one side and down the other. The 
maximum temperature reached was 1,000°C.- The gasification time was about 
11 seconds when making 30,000 cu.m. per hour. The dry coal dust (18% ash, 
60% C) was conveyed from the generator units to a bunker by means of nleroe 
gen, but it was conveyed from the bunker to the producers by means of air. 
Avout 15 tonnes per hour were conveyed by 1,000 cu.m. of air per hour, 
through three pipe-lines each of i125 m. int. diam. Assuming atmospheric 
pressure, this corresponds to a velocity of 7.5 m. per second and a dust 
content of 15,000 g,. per cu.m. It was also stated that the dry coal dust 
fed to the producers amounted to 0.5 tonnes per 1,000 cu.m. of producer 
gas. _Gasos from the producers passed through a horizontal and a vertical 
waste heat boiler in scries, which reduced the temperature to 250°C, - Ero- 
sion at the inlet of the first boiler linitcd the running time of a unit to 
six months before overhaul. Multiklons followed the beilers, and the dust 
recovered was blown: back by compressed air into the bottom of the produccr. 


The wash tower was 5-5.5 m, int. diam. by 22m. high, filled with 
ordinary 2" Raschig rings. In design it was very similar to the washers on 
the synthesis gas, but the water rate was only 500 cu.m, per hour. It was 
said to be too small and to pass too much dust. <A Theisen disintegrator 
removed most of the remaining dust, and after passing through a spray arres~ 
tor, the gas was pumped into the factory fuel gas system, The amount of 
gas used for heating a single gasification unit was 24,000 cu.m. per hour, 
consisting of 3,000-4,000 cu.m, of rest gas from the Fischer-Tropsch plant 
(2, oe Keals/cu, m,) and 21,000-20,000 cu.m. of producer gas (1, 075 Keals/ 
cu,m 


The pressure was 0.150 ats, gauge at the bottom of the producer and 
0,080 ats. gauge before the Theisen disintegrator, 


Three of the boilers installed in the power plant could use only dry 
coal, and a plant fired by coal and producer gas was installed to provide 
this dry coal. This plant was also used to a certain extent to supply dry 
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coal to the produccrs, when for any reason the driers of the synthcsis gas 
units wore unable to prow te cnough coal. A small quantity of dricd brown 
coal dust, containing lef H50 and 53eC, was also purchased and uscd aac 
on the boile?s and parele on the producers. 


The content of dust in the syntnesis ges was stated to be reduced to 
530-40 me. per cu.m. by the wator washor, and to 23-25 mg. per cu.em. by the 
Theisen disintegrator., There was a further water wash before the synthe- 
sis gas passed to an Alkazid plant for removal of most of the hydrogen 
sulfide. There was stated to be no difficulty due to dust in the Alkazid 
plant e 


Ash and slag gradually accumulated in the first generator, and when 
oxygen was used, the generator had to be cleaned out every six months, where- 
as if no oxygen was used, the plant could be run for 18 months. During 
these shut-downs, other maintenance work was carrled out. As a rule, a 
‘shut-down lasted 42 days - 14 days to cool down, 14 days to carry out re- 
pairs, and 14 days to heat wp. The ash and slag mixture was white and 
very hard, and had to be chiselled out. 


The composition of the synthesis gas was stated to be:- 


: Without Oxypen With Oxygen 
CO % 20 25 
Sm) : 56 50 
CO5 | 10 | 18 
CE) ; 2 . eo 
No. D) Ded 


Thus no conversion was required before synthesis. The gas composition 
“could be adjusted by varying the conditions of gasification and the amounts 
of steam and oxygen. 


The composition of the producer gas was as follows:- 


CO ° 164% 

Ha 1G 

CH), c 

On 0.% 

No re 

The plant records for 1943 gave the following figures:- 

Synthesis gas mAae | ; | 350,774,000 cu.m. 
Producer gas made’ : | 522,643,000 cu-m.. 
Raw coal direct to gas production | 306,595 tonnes 
Raw coal to coal drying: plant and thence to sroaucens 119,058 tonnes 
Purchased coal dust to. producei's 7,076 tonnes 
Synthesis gas composition co £ HgTh.7 75 iene 1.98 
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The results for April 1944 were given as:- 


Synthesis gas 45,900,000 cu.m. 
Producer gas made 47,950,000 cu.m. 
Raw coal direct to gas production 111,823 tonnes 
Raw coal to coal drying plant and thence to producers 1,012 tonnes 
Purchase coal dust to producers 2,454 tonnes 
Synthesis gas composition - = CO ? Hp 75.29) Ho/CO = 20 

Oxygen used 4,368,600 cu.m. 
Nitrogen used for conveying aust 7,193,600 cu.m. 
Power for ‘synthesis gas production 1,152,000 kwh. 
Power for producer gas production 1,564,000 kwh. 
Steam to synthesis gas plant excluding producers 27,575 tonnes 
Steam to producers : . « 4,622 tonnes 


The labour requirenents of the plant were as follows:- 


Process: Syathicetis gas - : 180 men 
Producer gas &O 
Coal-transport and preparation_70 

350 

Maintenance: Fitters and labourers SO 
ricklayers LO 

Electricians 2 

Instruments | ae) 

LOO 


GAS PURIFICATION 


The synthesis gas contains 17-30 grams of hydrogen sulphide per cu.n., 
and the bulk of this was removed in an Alkazid plant, the hydrogen sulphide 
being converted to sulphur of 99.6-99.9% purity in a Claus kiln. The gas 
also contained 6.8 «. of benzole per cu.m. and was next washed with oil. 
The remaining hydrogen sulphide was removed in iron oxide boxes in which 
Lux was used. 


The gas then contained 40-100 g. of organic sulphur per 100 cu.m., of 
which as much as 20% was in the form of thiophen as compared with 10% in 
coke oven gas. Gum-forming substances were also present. The high content 
of thiophen and gum-forming substances was ascribed to the characteristic 
feature of the Schmalfeldt process, where drying and gasification were 
carried out in the same apparatus. It was considered that the high contert 
of thiophen and gum formers would not be found if the drying were carried 
out first, for example in a Buttner drier. Furthermore, it might be ex- 
pected that these Bubs tances would be destroyed in passing through the re- 
generator at l, 300° C., but the system was such that one-third of the gas- 
eous products from tho drier was: drawn off in the make and did not pass 
through the regenerators or generators. Similarly one-third of the prod- 
ucts from the generators did not pass through the regencrators. 
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The gas was passed through 70% luxmasse with 30% soda at 160-280°C, 
for removal of organic sulphur compounds. The gas so purified gave con- 
Siderable dirficulty in the Fischer-Tropsch process, which used a cobalt- 
kieselguhr catalyst. The gum formers and possibly a little dust stili 
present interfered with the activity of the catalyst, but the main diffi- 
culty was thought to be poisoning of the catalyst by sulphur. There was 
.no diffioulty in using the gas for hydrogenation, where sulphur is not a 
poison, “In an attempt to increase the efficiency of purification, an 
-active carbon plant had been installed before the hot luxmasse, in the be- 
lief that it would remove the gum formers which (apart from their action 
on the Fischer catalyst) were thought to reduce the activity of the hot 
Juxmasse as a sulphur purification material. The installation of the ac- 
tive carbon plant reduced the organic sulphur content or the gas leaving 
the hot luxmasse from 1.5-2.5 g. per 100 cu.m. to 0.3 g. per 100 cu.n., 
which was a satisfactory figure. The plant was run with this improvement 
for only two months before bombing stopped work, but during this period, 
the results were promising. It was stated that it had been intended as a 
further improvement to use a special sulphur removal type of active carbon 
instead of the benzole recovery type. 


‘ 
owes ae 


FISCHER-TROPSCH PLANT 


The following information was obtained mainly from Herr Schultz on 11 
May 1945. 


There were 2 catalyst chamber buildings with 144 chambers altogether. 
These were generally worked in two stages, but sometimes in three stages. 
Conversion in the first stage was about 50%. The division between the two 
stages was variable and dependent upon gas purity. During the period when 
the gas was bad, the first stage was largely the means for purifying the 
ges and was operated with a throughput of 1,500 m? per chamber per hour in- 
stead of the normal 600-900 m? per hour. | 


The most recent yields aftor difficulties with the ges had been over- 
come were 115-116 gm. per Nm idealgas. In 1940 and 1941, a yicld of 1530 
gm. per Nm? was attained by changing the catalyst every 1-1/2-2 months. 

The catalyst chambers wero startod wp with 5-1/2 atm. on the steam side 

and ultimately went up to 15 atm. (200°C.). The catalyst was extracted 
with solvent in situ every four weeks. t was only hydrogenated in special 
cases. The catalyst chambers were heated with stcam at 19-20 atm. for 
starting. | 


For the last 1-1/2 years they had used catalyst obtained from the ad- 
jacent catalyst factory, which was owned 50% by Ruhrchemic and 50% by Win-= 
tershall. The catalyst was obtained from tho catalyst factory in the un- 
reduced stage and was reduced with hydrogen from the hydrogenation plant. 
Reduction was carried out at 400°C. The hydrogen was dricd by ammonia cool- 
ing and silica gvl to less than 0.1 gn. per m moisture. The hydrogen used 
contained 94% Ho, the remainder being No and CHy,. The circulating hydrogen 
containod about 1/2% COs but no CO. 
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The production of the plant was at the rate of about 30,060 tons per 
year without Gasol, during the short period when good gas was available 
oefore the bombing. They were in the process o increasing production 
when the bombing took place. 


The plant included a Carl still cracking plant which had never been 
worked owing to a change in the policy of dealing with the products. 


CATALYST FACTORY 


The following informetion was ebvesned mati from Dr. Joswig on 11 
May 1945. | 


The particular feature of this plant was that they claimed a very 
high recovery of cobalt in the catalyst regeneration. The departures from 
the normal process which led to this result were due to the restrictions 
on enitting effluent from the factory, which necessitated re-using water 
and evaporating the final effluent. 


The spent catalyst, from which the wax had been extracted, was ground 
with wash water from the following stage. This wash water contained about 
5 gm. per liter of Co. It was_then extracted with boiling nitric acid 
(50%) in vessels of about 30 m? capacity. It was then filtered on a filter 
press and washed. The first wash water was mixed with the filtrate. The 
second wash water was used for grinding the incoming spent catalyst, as 
mentioned above. The third wash water was used for the first wash of the 
next batch. It was claimed that the loss of Co in the filter pressing 
operation was less than 0.1%. Joswig claimed that they had achieved an 
overall loss in the peered of only 0.3% compared with 2% at Ruhland and 
4-5% at Holten. 


The Co solution was then treated with soda to precipitate Fe, Al and 
Th. The sludge obtained by filtration (Thoriumschlamm) was sent to Ruhlanc. 
Sodium fluoride was then added to remove calcium. To ensure complete re- 
moval of calcium, an excess of sodium fluoride was added which precipitated 
part of the magnesium. ‘The liqucr was then filtered using kicsclguhr as a 
filter aid. The filter cake was washed twice, the first washings bcing 
added to the filtrate and the second washings being used for the first wash 
of the next batch. The Co concontration was finally 40-45 gm. por liter. 
This was somotimes strongthened with the fresh Co added as make-up. When 
fresh Co was used, it was dissolved in nitric acid and treated with a small 
amount of soda a then filtered before mixing with the recovered Co 
solution. 


Tho Mg and Th were then added to solution. After precipitation, kiescl- 
gahr was added. The filtrate from the precipitatcd catalyst containcd about 
3C gm. por liter of sodium nitrate. This figure was achieved by reducing 
wesh watcrs. The filtrate was then treated with soda and scttlcd to rc- 
cover any Co which had passed through the filters. Aftcr scttling, the 
solution was cvaporated in a triple cffcect cvaporator to recover sodium 
nitrate and produce distilled water for the catalyst manufacture. In the 
second evaporation stagc, some caustic soda was added to cnsure complcte 
precipitation of any rcsidual Co which was filtcred out before the third 
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stago. Joswig Stated that an appreciable amount of Co may romain in solu- 
tion as bicarbonate. : 


The catalyst sludge from the presses was mixed with water and with 
the dust screened out from the dried catalyst. The mixture was then fil-. 
tered on a rotary vacuum filter. The filter cake was put through an ex- 
truder with 6 mm. holes and then passed to a Buttner turbo-drier. The 
dried catalyst was screened to give a product of 1-3 mm. The dust was 
mixed with the new precipitate, as mentioned above. The over-size was re- 
turned to the screens and gradually broxen down to the required size. 


The composition of the catalyst was given as:- 


100 »varts Co 
10 1! Med 
5 "t Th0oe 


The catalyst was made up to give G00-900 kg. Co per chamber, using an 
appropriate amount of kieselsuhr depending; on its density. From 1.7 to 
e.5 tons of kieselguhr were used per ton of Co. 


The capacit: of the plant was rated at 100 catalyst chamber fillings 
per month, but the production had been only 60 owing to limited demand. 
The plant started up in September 1941 but only came into operation in April 
1942. Lutzkendorf made cataljst for tiie ae jorning F.-T. plant and also for 
the one at Odertal 1 (Deschowitz). , 


The reason for producing wnreduced catalyst at Lutzkendorf and reduc- 

eee at the F.-T. plants was not very clear. - The division of responsi- 

ility between tne two stages seems undesirable, One reason that was given 
for adopting this procedure was that the F.-T, vlants had pure hydrogen 
available as they require it for the hydrogenation in the catalyst chambers. 
It is possible that freshly; reduced catalyst may be better than reduced 
catalyst which has spent some time in storage or in transit. It may be con- 
jJectured that the procedure was at least partly dictated vy military con- 
Siderations. If it were desired to maintain a substantial storage of manu- 
factured catalyst ageinst possible destruction of the catalyst manufacture , 
Storage of the unreduced catalyst would be a much simpler problem than 
storage in substantial quantity of the reduced catalyst. 


HYDROGENATION PLANT 


The following staff were seen on ll May 1945 and 17 May 1945 in con- 
nection with the hydrogenation section:~- 


Dis Schnesberger - Managing Director. 
Div. Wiclland, - Hydrogenation Manager. 


The following information wes obtained from interrogation and also 
from the notes of members of the C.A.F. tean. , 
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GENERAL, 


The hydrogenation plant was built to hydrogenate the residues from the 
lubricating oii plant in conjunction with Bituminous Coal Tar. The planned 
— was 50,000 Tnes/year, but the best achieved was 42,000 Tnes/ycar in 
19 


The plant consisted of one liquid phase stall and one vapour phase 
stall, both of which operated at 700 ats. The catalyst in the vapour phase 
stall was 6434. : - 


The Bituminous Coal Tar came from Mahrisch Ostrau and was distilled 
with the product from the liquid phase stail to cut into two fractions, the 
cutting, point being 350° C. (330° C. ?). The lighter fraction was passed 
over the vapour phase catalyst under straight through conditions when mak- 
ing petrol and diesel oil and under recycle conditions when making petrol 
only. 


HYDROGEN SUPPLY. 


The hydrogen from the hydrogenation plant came from the Wintershall 
generators. The raw water-gas was passed through an & ats CO conversion 
plant and the Cop washed out at the same pressure. The main compressors 
therefore had a suction pressure of 8 ats and delivered to 700 ats direct. 
The CO removal plant worked at 200 ats. after the third stage of the com- 
pressors. Another stage sufficed to raise the pressure to 700 ats. 


The gas fed to the hydrogenation plant had a hydrogen purity of only 
91-92%, which is very poor by normal standards. They had only achieved 
this purity by the installation of the CO conversion plant, before which 
they had worked with a make-up gas of about 86% purity. 


For 1943 over a period of ten months, obey had records of the follow- 
ing costs:- . 


Gas production 681,319 RM including 
155,000 Rm for labour. 
Gas boosting 2h , 406 RM. 
HoO removal ri e5D 
-- oe | 6,023 " 
Oil Scrubbing 26,143 " 
Org. Sulph. Rem. 88,946 " 


1/5 of Gen. Costs 19.090 - 
906,989 RM which amounts to 2.70 


pf /m? Raw Water gas. 


This is the price of raw water gas as supplied both to the Hydro- 
genation and Fischer-Tropsch plants. For the hydrogenation plant, the gas 
was further purified and the cost build-up for this section for ‘the month 
of October 1943 is:- 
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Raw Water-Gas at 2.70 pf /m? 222,220 RM 
CO conversion and COp rem. 75,400 " 
‘Compression “ 50,000. " 
CO removal 7 ; (17,556 a 
1/5th Gen, Costs 290. 


2 | 306, 582 RM wnich, 
for 5,295,700 m? of 92% hydrogen, is 7,30 of pt/m. 


CIRCULATION AND INJECTION. PLANTS. 


There were four circulators with an output of 70,000 mn? /hr. and one 
of 100,000 mn? /ne., all of them being electric driven. 


They had two hot recycle pumps for the.liguid phase stall of 10 m/nr. 
capacity, with four injectors having the same capacity for the injection 
of fced to the stalls. They also had four catalyst injection pumps which 
were steam driven and had a capacity of 0.25 m?/hr. 


LIQUID PHAS# STALL. 


This stall was originally built with two interchangers, two convertors, 
a hot catchpot,.a gas-fired preheater, a cooler and a cold catchpot, with 
arrangements for the recyclo of hot oil from the base of the hot catchpot 
to the inlet preheater. 


There was elso an emergency blow-down tank ror.the burden of the stall 
in case of emergency. Owing to poor make-up gas quality, bad operation by 
inexperienced staff and change of composition of the feed to the liquid 
phase stall from that from which:the plant was designed, they had not 
achieved the rate and feea of reaction they had expected. They were there - 
fore short of heating capacity in the preheater and could not maintain the 
temperatures in the convertors as easily as they would have liked. To over- 
come these running difficulties, they had installed a third interchanger, 
enlarged the fan capacity on the preheater, and had even applied a 1" thick- 
ness of lagging to the outside of the convertors in order to increase the 
heat input to the inlet reactants and to reduce the heat losses. 


The feed to the stall was 8-12 m?/hr. of oil with 100-150 liters/hour 
of catalyst paste made up as a paste of 40% solids from I.G. catalyst 
10927 and vacuum residue from the Natural Oil section of the_works. The 
running temperature was 470° C. and the reaction volume 10 m? (from dimen- 
sions) or 16 m tptornogat 108) - more probably the former. The hot recy- 
cle rate was 6-10 m’/nour. The catalyst was adjusted so that the H.O.L.D. 
trom the hot catchpot was a clear colour and not darkened by the presence 
of Asphalts. The let-down from the hot catchpot in order to purge the 
solids entering with the catalyst vaste was about twice the paste injection. 
The purge contained about 1.5-1.8% hard asphalts. | 


The H.O.L.D. was fugalled to give a residue which they put to the 
tip and a relatively clear oil of 0.c% solids which they sent to the liquid 


phase still. There was no gas washing, plant to remove the gases made dur- 
ing the hydrogenation. 
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In the product from the cold catchpot they got 50% heavy oil which was 
recycled back to the stall. The product was distilled with the imported 
tars and the heavy oil portion fed to the liquid phase stall. 


ae 


VAPOUR PHASE STALL. 


The stall consisted of 3 convertors with 2 interchangers and a gas-fired 
preheater, a cooler and a cold catchpot. 


The catalyst was the a. G. 6434 ana the reaction volume would be about 
13 m. When running on straight: through operation they made a cold catch- 
pot product containing 40% petrol and the remainder diesel oil. The petrol 
had a 74 0.N. with an FBP of 180% C. and the diesel oil a Cetane No. of 
ho-L5 with a setting point of -40° C 


The gases made in the hydrogenation section were not treated to remove 
the liquifiable gases and the lean gases were sent to the fuel gas system 
and the rich gas to the Wintershall generators. 


Overall hydrogen requirements are estimated at about 1,500 n? /Tns of 
feed when making petrol and diesel oil. 


HYDROGENATION RUNNING COSTS 194%, 


Liquid Phase Injection & Circulation - 3.85 RM/Tne of feed. 


Vapour " 7 10.84 ; 7 
Liquid Phase Stall ~ a i ly Gy of Cold Catchpot 
7 | Product. 
Vapour Phase Stall 7-87 RM/fne of Cold Catchpot 
: - | Product 
- Total Distillation - . 45,96 RM/Tne feed. 


In 10 montns of 1945 they made 29,523 tonnes of ‘Vapour Phase Cold. 
Catchpot product at a cost of 7,448, 456 RM., i.e. 255 RM/Tne. This is-the 
running cost only and does not include any amortization or interest, etc. 


LABOUR REQUIREMENTS. 


Average figures for the early part of 1944 show the following: 


Gas Production. - 500 
- Fischer Synthesis - Oks 
' Hydrogenation - 280 
Op Steam Elec. .. - 50 a 
: Nat. Oth Sectsoms orae se :QO0Q.. cee ee ee ee 
» Final Refining .«..see-erk1lO «wee ve eee - 
| Power Plant -+ 6)... et aw FQ. er ee ee 
Workshops - 275 - 
Construction ote --+- 4, POM. Genk 2 
Watchmen .ctos seen vr 6 FOO ee ce ce ew, 


In addition to these, they had other workers whose exact location is 
not available from the field notes. 
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The total strength was made up of about 4,000 workers and 380 staff, 
but of the 4,000, about 1,000 were engaged on alteration and extension 
work, and not on production. 


CAPITAL COSTS, 


The split. of capital costs were given asi- 
Ges Plant — - 22,610,614 
Fischer Plent - 18. 182, 4000 
Hydrogenation  - 18,606, O51 


Lube Oil - | 9,468,452 
Final Dist. - 6,092,751 
Auxiliary = 5 053, 343 
Railways 2,955,458 
Water Supply = 7,000,994 
Power Plant - 18,297 , 4&S9 


General a 212.58, 176 
117,405,289 .. 


The engineer estimated that for every tonne of eteel in the finished 
Plant, they had had to spend about 1,660 RM. 


LUBRICATIUG OIL 
Specifications on gasolines and diesel oils manufactured at Lutzkendorf. 


The personnel interviewed at the plant on 11 May 1945 included Dr. 
Schneeberger, manager of the entire plant, Dr. Neumann, in charge of lubri- 
cating oil manufacture, and Dr, Billig, in charge of the chemical and 
enginc-tcating laboratory, 


The plant is of. conventional design and includes installations for at- 
mospheric crude distillation, vacuum distillation of the atmospheric resi- © 
due, propene deasphaiting and dcresining, phenol extraction and propane de- 
waxing, as well as conventional acid treating and clay contacting, The 
crude throughput was about 60,000 bbls/uonth, 


A mixture of Hanovor and Austrian crude was processed mostly, but moze 
recently Austrian crude only was used. Tynical data on two Austrian crudes 
are shown in Table I. ‘The atmospheric G@istilletion gave the following 
yields for overhead, three side-streams and bottoms, respectively:- 


T Percent | 
| : by volume 


Bbis /month 


CGSO1 INC so vers ow Wiew aes e620 wie ae oa Sa ae Se bees oe ws 10.6 6,350 

KGLOS 1G 56 .0:04:6 ease Ww Siero sie SSeS Oe we weleee ows 20.0 12,000 

Spindle OP orrT reer eer eee Ce ee ee ee ee 16.7 10,000 

Light Neutral dist, (about 130 SSU/100°% F.).... 3.0 1,800 

FCS IAC e wiee-s vba ke tees 64S Gow Oo 4o 664 ens 68s 406s _ 6 26,200 
1 


Vacuum distillation of the atmospheric residue yielded the following 
distillates:- 
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| : | Percent | 
Dd 


y volume ; 
Product | of crude | Bbls/month 
Sp indle Oil O SSU 100 F. e@eeeeaeeseeeseseeedesenees# 


7.0 |! 4,160 
Heavy Neutral dist. (300 SSU/100° F. Min.).. 10.7 |! 6,420 
|S (ais rig Lb Cs Spe a ear ee eee ee en ee 26.0 li 600 


The gasoline was not used for automotive purposes, but was utilized 
for special purposes (precipitation naphtha, petroleum ether, etc. ). Kero- 
Sine was caustic washed and used for illumination; part cf the kerosine was 
blended with ‘spindle oil from the atmospheric distillation and the blend 
was uscd as diesel fuel. The remainder of the spindle oil was blended with 
‘the corresponding fraction from the vacuum distillation. Avorage inspection 
data on the distillation products are given in Table 2. 


Finished neutral oils were made by dewaxing and acid and clay treatment 
of the 60 vis spindle oil and the light’ and heavy neutrals. Treating, losses 
are given as follows:- 


Percent by weight {Percent by weight 


Charge stock araffin removed acid sludge removed 
Spindle oil 60 Vis. wees 20 | =) 
Light neutral distillate.. "7 20 


Heavy neutral distillate..; 20-25 
The inspection data on the finished neutral oils are given in Table 
53. The heavy neutral distillate was also used in the manucvacture of auto- 
motive and aviation oils and for this purpose was subjected to phenol ex- 
traction instead of acid treatment. The yield of automotive oil was 70- 
75% by weight of the distillate, whereas the yield of aviation oil was 
55-60% by weight. Inspection data of the finished oils are given in Table 
4, The vacuum residue was propane reas eerie and de-resined (yield of 
resin and asphalt free ‘O11: 50-60%) by weight of vacuum residue eneteea): 
For the manufacture of automotive bright stock, the propane-treated vacuum 
residue was treated with 150 vols. or phenol yielding about 41% by weight 
of raffinate (calculated on vacuum residue charged). The raffinate was 
propane dewaxed and clay treated with an ultimate yicld of automotive bright 
stock of about 26% by weight of the vacuum residue. In case that aviation 
bright stock was required, the raffinate from the phenol extraction was 
freed from phenol and again phenol-treated (total volume of phenol used in 
both stages: 500) yielding a raffinate which represented about 25% of the. 
vacuum rcsidue. The final yield of aviation bright stock after propane 
de-waxing and clay-treating was approximately 15.5% by weight of the vacuum 
residues. The inspection data for the two grades of bright stock are given 
in Table 5. 


Propane deasphalting wes carried out in a two-stage unit comprising 
4 horizontal contactors and precipitated asphalts and resins were removed 
scparately. Both of these products were destructively hydrogenated. The 
yicld of deasphalted o11 averaged 50% on charge. 
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Phenol extraction was carried out in a Kellogg unit built in 1938, 
It has a conventional tower type unit with perforated trays and water in- 
jection was employed to improve the selectivity of une: solvent. 


When automotive bright stocks were processed, the normal solvent ratio 
was 150%, the towér top temperature S0- C. and the temperature gradient 
10°C. Aviation bright stocks, .on.the other hand, are solvent extracted 
twice, first under the above ee and then re-extracted with 500% 
of phenol at. 110-120° Cx 


: Dewaxing was carried out in a Dorr rotary pressure filter using dis- 
continuous cooling. The charge stock was cooled from 86° F. to -ho” F, 
in one hour. The design filtration rate was 7.5 gals. ver cubic-foot per 
hour, but actually a rate of 19 gals, per cubic-root per hour was obtained. 


The working pressure was 150-200 mm. Hg. gauge. The double dilution 
technique was not employed and there was no re-pulping of the wax. The 
oil content of the finished waz: averages CO 
LUBRICATING OIL SPECIFICATIONS; 

Motor Oils 


2 Three grades were produced having viscosities -at 50° C. of 8, 10, and 
12° E. and @ maximum pole height of 2.24. 


Aero Oils 


The following specification was adhered to:- 


S.G. @ 20° ¢, | <0.90 
Conradson Carbon Residue max. O25 
Viscosity @ 305 Co. 17 E. 

m 100° ¢, 2s), 
Pole Height maxX. 220 
Pour Point -17° fF. 


(lo oxidation test) 
_ It was stated that when production started at this refinery, a 100 
ton betch of aero oil to this specification was prepared and, after engine 


builders had carried out acceptance tests with satisfactory results, regu- 
lar production began and continued without interruption, 
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TABLE 1. - Austrian crudes (Average for October 1943) 


Name of field 


TOE 6sbg ie beh sae CRG awh Oe OR Ew ees 
LO Dis arse 6 oececpie b'64 00-96 WG ee 6a a Oe a ees 
COs rccreccrcccrecserscenssoverescessece| 


504. eee ere ae a ee ee ee ee ee eee ee ee ee 


% at aTe2 F, @esuneeovnvoespeeeee0e 8 eee geeee 


(5 WE UCL 6 6:66 iis tA Ew CNSR SOE SO 


os BS & Cer ee re ee ere ee ere re 
“ BAL 6 Siok iiss Hae 0 Owes Ae SS SSeS 
malt, 1bS/1 5000 DDI G.:sas.s vee esis re aewlee 
% ct 16 Ear eee ere aera eee ae ae eee eee ae ea ee ee 
> PATALT 1 Nee chiewin seea ae sevens eee aweens 
Solidification point of paraffin °F. .. 
Nout. NO. cscscccvceccsvecsrcccvcccvece| 


“ SULT WY 6.5% ian eek ee wk ae We week 


en - en. oh one ee ee See oe 
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TABLE 3. ~ Finished Neutral Oils 


Wi AeA Le ee ee ee 
Distillate used in i 


preparation of | 
finished oil | Heav neutral 
Finished oil | 


Light neutral 


Sp. gravity at 60° F..| 0.896-0.901 0.913-0.918 
BEL ACVaAV ICY aeSouecerouc 25.5-26.5 | = 22, 6-23.5 
Vis. at 50° C. “Engler| About 3.5-4.0 + 8.59.0 
Vis. at 100° F, ssu..| " 200 | About 600. 
Pole: hetaitsccssescecel  ™ 2.25 | 2.42.5 
Pour point SF.........| Zero to 5° F, =| -1 to -5° F, 
Neut. No. cacccseccecel 0.16 0.07 

Sap. NOs waeenneeweeen! ~<0522 ' 0,17 
Water Poossecececerecel @) | 0. 

Flash point, OF. ..ees! 4 4s 


Distillate used in 


Finisned oil 
Sp. gravity at 60° F. ., 
APL @YAVityséséeenewwes 
Vis. at 50° C. Engler. 
Vis. at 100° F. SSU..,. 
Pole: HL ent 6 o0.0ss e000 
POUr: POINU séasssascabes 
NEUGs: HOw. daw weaeweeas 
Sap NOG Saueewree sates ues 
Water Di casetets outa anne cies 
Flash point, OF. 


©e@60600 


preparation of | 
Tinished oil ! 


Veavy neutral 


'0.891-0.901 
25. 5227.3 

| 6-7 
|About 440 
|About 2,25 | 


Zero to -5° F.. 


'0.01-0.02 


motor lube oil 


Heavy neutral 
aviation lube oil 


0.881-0.886 

28.2-29.1 

5.5-6.0 

About 350 

1.95-2.0 

| Zero to -5° F, 

~0.01-0.02 
0.05 — 


O 
| 446 


TABLE 5. -_Bright Stock from Vacuum Residue 


Sp. gravity at 60° F. .. 


| Automotive 


“I 0.901-0.906 


bright stock 


Aviation 
i brignt stock 
wer 0.891-0.896 


API gravityececscesceccces| 24.7-25.5 264-2723 
Vis. at 50° C. CEngler.s..| 28-35 | 21-26 
Vis. at 210° F. SSU......, About 125 |About 120 
Pole height.ccccessecscsd) 2005-263 11.95-1.99 
Flash point, Hs. s<swese<| 9D4=572 556-554 

Pour point, OF. secsvsecest Zero to -2.2 . |Zero | 
Conradson carbon residue.’ -- /0.3-0.4 
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OTHER PRODUCTS 


Gasolines, Typical data - March 1942 


Sp. er. @ 20° C. 0.749 0.700 
LebsPs: Cs 4D Lo 
or 60 58 
2Cip 12 74 
50 93 99 
70 113 127 
GO 120 165 
IP 6 _ 150 : 185. . 
BoB. Psy. Cz 154 sre Oe 
Octane No. clear | To8> Me oe Ose 


V.P. atn. : 0,66 Gane Og oe 
Hydro gasoline was formerly of 160° C. @nda point; ‘but this wes reduced to 
150-155° C. when the Hydro Gas Oil pour point svecification was limited 
to -40° C. max. Fischer-Tropsch gasoline end point was later reduced for 
a Similar reason, in this case the diesel oil cut being 160-4209 C. of 
-12° C. pour voint.. Fischer-Tropsch Gasoline of 160° C. end point had a 
clear Octane Number of ca.60.. 


No aviation gasoline was produceu at Lut xendorf. 
DIESEL OILS : 
, Fischer-Tropsch and hydro gas oils were despatched separately from 
lutzkendorf to various WIFO blending stations, while a blend of petroleum 


kerosine and atmospheric spindle oil was used Anternally in tractors and 
by local transport organizations, 


- Fischer-Tropsch 


Eydro gas oil | _ gas oil 
Sp. er. @ 20° ¢, 0.865 | 0,743 
I.B.P., °Q, 179 173 
20% 7 200 180 
50% | 224 | 195 
70% 254 — | 205 
90% 328 . 254 
Cloud point, °C, . +25 -~38 
Pour point, °C, a? —40 
Filtration rate, secs, 38.4 °° 9° 2.6 
@-28° C, @-39° ¢, 
Cetane number - 35.6 68.2 


Hydro diesel oil seewiereatien called fora maximum pour point of -40° ¢, 
and a Cetane Number of 4C—45, 


ENGINE TESTING 


In the engine testing laboratory, the following engines were 
installed:~ 
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I.C. 7359 
eg Gs Prufmotor 


C.F.Re Motor Method Engine 
and Deutz Diesel Engine. 


These were employed for routine Octane Number and Cetane Number 
determinations, 


MERSOL MANUFACTURE 


It was stated that a Fischer-Tropsch fraction b.p. 320 to 340° C. was 
despatched for Mersol manufacture, and that material boiling above 340° C. 
containing lO wax, was sent to Witten for fatty acid manufacture. 
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